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"TOOL FOR TUNING MICROWAVE CIRCUIT
WITHIN A CLOSED HOUSING

The Government has rights to this invention pursuant
to Contract No. DAAHO01-87-C-A025, awarded by the
Department of the Army.

BACKGROUND OF THE INVENTION

The present invention relates generally to microwave
circuits and, more particularly, to an assembly for cov-
ering a housing which encloses a microwave circuit,
wherein the cover assembly includes externally-accessi-
ble probes for providing tuning of the microwave cir-
cuit while the cover assembly 1s in place on the housing.

A typical microwave hybrid integrated circuit
(MHIC) module may comprise a plurality of ceramic
substrates, the substrates including resistive, capacitive
and active components soldered to a surface and further
including gold circuit traces deposited on a polished
surface for interconnecting the components. The com-
ponent-mounted substrates are typically mounted side
by side in an aluminum housing, interconnected by gold
jumper wires and enclosed within the housing via an
aluminum cover. At the microwave frequencies of in-
terest, the geometry of the gold circuit paths on the
substrates, and their locations with respect to each other
and to the surrounding housing (particularly including
the cover), creates inductive and capacitive effects.

The total assembly, including the component-
mounted substrates within the housing, i1s tuned for gain
and “noise figure” over the frequency band of interest.
This tuning may typically be accomplished by connect-
ing jumper wires from the main circuit traces to small
tuning patches adjacent a trace path or at the end of a
branch. Although the tuning patches are quite small,
illustratively 0.02 in. (0.5 mm) by 0.06 in. (1.5 mm), they
have a significant influence on the performance of the
circuit when they are connected, by shightly increasing
the area or length of the associated trace.

Unfortunately, the subsequent installation of the
cover on the aluminum housing after the above-
described tuning procedure has a far greater impact on
circuit performance than the interconnection of the
internal tuning patches and jumpers. Clearly, the cover
must be in place before the assembly can be finally
tested, but the presence of the installed cover would
ordinarily preclude further adjustment, as it covers the
circuits. -

It has been the practice in the past to make educated
guesses regarding the soldering of tuning patches to the
circuit traces during a series of iterations involving the
affixing of the cover, testing for the above-described
gain and noise parameters, and removal of the cover.
This time-consuming procedure may be further exacer-
bated by a large number of cover screws, all of which
must be completely in place before the electrical testing
may be performed with accuracy. It is not unusual to
find that an average of eight such tuning iterations are
required for each MHIC module before it meets its
electrical specification.

Clearly, this form of iterative tuning procedure cre-
ates a bottleneck in any circuit production facility.
What is required is a real-time procedure for tuning the
circuits via jumpers to the tuning patches while in an
environment which accurately simulates the enclosed
housing.
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2
SUMMARY OF THE INVENTION

It is therefore a primary object of the present inven-
tion to provide a means for tuning a microwave circuit
within an environment simulating an enclosed housing.

It is a further object of the present invention to pro-
vide a tool for enabling electrical tuning adjustments to
a microwave circuit within a closed housing.

It is a still further object of the present invention to
provide a tuning cover for enclosing a housing contain-
ing microwave circuits, wherein the tuning cover in-
cludes externally-accessible means for making tuning
adjustments to the microwave circuits.

These and other objects of this invention are obtained
generally by providing a cover assembly for enclosing a
housing which contains a printed wiring ctrcuit board.
The cover assembly comprises a cover plate adapted for
covering the housing, the cover plate having an aper-
ture therethrough, and a probe extending through the
aperture, the probe having an electrically conductive
tip, the probe being movable between an extended posi-
tion and a retracted position. The extended position of
the probe locates the conductive tip in electrical contact
with a printed wiring trace of the circuit board, while
the retracted position of the probe withdraws the con-
ductive tip away from the circuit board.

In a preferred embodiment of the present invention,
the cover assembly includes a plurality of probes ex-
tending through a corresponding plurality of apertures
in the cover plate. The plurality of probes may include
a first type of probe which provides a single extended
position, connecting a printed wiring trace to a patch; a
second type of probe which provides two extended
positions, selectively connecting either of two patches
to a printed wiring trace; and a third type of probe
which provides three extended positions, selectively
connecting either or both of two patches to a printed
wiring trace.

With this arrangement it is possible to tune a micro-
wave circuit within an enclosed housing by the use of a
tuning cover assembly which accurately simulates the
actual housing cover.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present inven-
tion will be more fully understood from the following
detailed description of the preferred embodiment, the
appended claims, and the accompanying drawings, in
which:.

FIG. 1 illustrates a typical microwave circuit module
housing shown with a conventional housing cover;

FIGS. 2 and 3 are plan and side views, respectively,
of the tuning cover assembly according to the present
invention;

FIG. 4 is a partly cutaway view of a probe for use in
the tuning cover assembly of FIGS. 2 and 3;

FIG. § is a magnified view of the tip of the probe
illustrated 1in FIG. 4,

FIG. 6 is a bottom view of a modified probe for use
in the tuning cover assembly of FIGS. 2 and 3;

FIG. 7 is a plan view of a microwave circuit module
including tuning patches for use with the tuning cover
assembly of FIGS. 2 and 3; and

FIG. 8a, 8b and 8¢ illustrate how the tuning cover
assembly of FIGS. 2 and 3 is used to interconnect mi-
crowave circuit traces with one or more tuning patches.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there is shown a microwave
circuit module housing 10 shown detached from its 5
conventional cover 12. Housing 10 contains therein a

printed wiring circuit module 14 and includes, along 1ts
periphery, a plurality of threaded apertures 16. Cover

12 is securely affixed to housing 10 via a corresponding
plurality of screws 18 which extend through apertures 10
20 in conventional cover 12 into threaded apertures 16.
The present invention relates to a tuning cover assems-
bly which temporarily replaces conventional cover and
thereby enables an initial circuit adjustment process of
tuning the microwave circuit module 14 for gain and 15
noise figure over a range of frequencies.

FIGS. 2 and 3 are plan and side views, respectively,
of the tuning cover assembly 30 of the present invention
for use with the microwave hybrid integrated circuit
housing 10 of FIG. 1, replacing conventional cover 12 20
during the circuit tuning process. Cover assembly 30
includes a cover plate 32, illustratively fabricated of
aluminum hard-coated with nickel; fastening means 34,
illustratively a plurality of machine screws, for attach-
ing cover plate 32 through apertures 36 along the pe- 25
riphery thereof to corresponding threaded apertures 16
in the microwave circuit housing 10 (not shown); and a
plurality of probes 40 (twelve are illustrated) extending
through apertures 38 in cover plate 32. Also attached to
cover plate 32 are four feet 42, illustratively attached 30
via screws 44. Feet 42, which extend from the bottom
surface of cover plate 32 beyond the extended lengths
of the tips of probes 40, protect the probe tips from
incidental, potentially-injurious contact while cover
assembly 30 is not attached to the microwave circuit 35
housing.

Probes 40 each include a movable, spring-loaded
plunger 46 within a stationary probe housing 48. Probe
housing 48 comprises a tubular member 60, typically
fabricated of stainless steel, with a mounting flange 30 40
and a locating pilot 88. Probes 40 are held securely to
cover plate 32 via cams 54 which engage a recess 52 in
flange 50; cams 54 are held to cover plate 32 by screws
56. Locating pilots 58 comprise flat surfaces 1in probe
housing 48 which mount flush against pilot alignment 45
structures 62 on cover plate 32 or which mount flush
against the locating pilot 58 of an adjacent probe 40.

Referring to FIG. 4, there is shown a partially cross-
sectional view of probe 40, which may be similar to any
one or more of the probes of FIGS. 2 and 3. Probe 40 50
includes a generally cylindrical tubular probe housing
48 which is illustratively fabricated of stainless steel.
Housing 48 includes mounting flange 50 and locating
pilot 58; their function for attachment of probe housing
48 to cover plate 32 was described in the preceding 55
paragraph. A central bore 70 through housing 48 in-
cludes a shoulder 72 where there is a change in diameter
of central bore 70.

Probe 40 additionally includes plunger 74 which is
capable of longitudinal and rotational movement within 60
the central bore 70 of housing 48. Plunger 74 comprises
three elements: a tip portion 76, a control rod 78 and a
cap 80.

Tip portion 76 comprises a rod having a first cylindri-
cal section 76a of a first diameter, stepped down to a 65
second cylindrical section 765 of a second diameter. In
the present example, tip portion 76 is fabricated of alu-
mina and is 0.885 in. (2.25 cm) in length; the diameter of
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the first section 764 is 0.188 in. (4.78 mm) and the diame-
ter of the second section 765 is 0.125 in. (3.18 mm).
Probe tip 100, at the free end of the smaller-diameter
section 765 of tip portion 76, is illustrated in detail in
FIG. 5 and described in the accompanying text.
Control rod 78 intrudes into an axial hole 82 drilled

into the larger-diameter section 76a of tip portion 76,
where it is bonded, preferably using a heat-cured epoxy

adhesive. The material of control rod 78 is selected to
match the thermal expansion of the material of tip por-
tion 76; in the preferred embodimént control rod 78 is
fabricated of titanium, which has a coefficient of ther-
mal expansion sufficiently matched to that of alumina.
In the present example, the diameter of control rod 78 is
0.062 in. (1.6 mm).

Prior to the insertion of the bonded assembly com-
prising control rod 78 and tip portion 76 into housing
48, a compression spring 84 is slipped over the free end
of control rod 78 where one end rests against the larger-
diameter end of tip portion 76. When this assembly 15
inserted within the central bore 70 of probe housing 48,
the other end of spring 84 rests against shoulder 72 of
central bore 70. Spring 84 is selected such that while
probe 40 is in its extended position, tip portion 76 exerts
a force on the underlying circuit board of, illustratively,
one pound.

Cap 80, preferably fabricated of titanium, has an axial
hole 86 through which control rod 78 extends and 1s
welded thereto. It will be recognized from the preced-
ing paragraph that when cap 80 is welded to control rod
78, spring 84 will be in compression within central bore
70. Cap 80 includes a knurled surface 88 and recessed
area 90 to enhance finger contact when manipulating
plunger 74 for axial and rotational movement. |

‘The portion of cap 80 adjacent housing 48 includes a
fork-like structure 92 adapted to engage a mating struc-
ture in housing 48. The fork-like structure 92 includes
two tines having flat inner surfaces 94 which mate with
corresponding flat surfaces 96 on housing 48. This mat-
ing arrangement ensures that when plunger 74 1s re-
tracted by manually withdrawing cap 80 away from
cover plate 32 against the compression forces of spring
84, probe tip 100 will be lifted directly off the underly-
ing circuit board without twisting. This arrangement
also ensures correct placement of the tip 100 with re-
spect to the printed wiring traces of the circuit board. In
the retracted position, that is, when surfaces 94 of cap
80 are not in engagement with surfaces 96 of housing 84,
the contact area of tip 100 is substantially aligned with
the bottom (inner) surface of cover plate 32.

Referring to FIG. 5, there is shown an enlarged view
of an illustrative probe tip 100. The view of FIG. 5
includes a section 102 of the stepped-down cylinder of
the alumina tip portion 76 of plunger 74 of FIG. 4, and
a contact tip 104, which is illustratively a round alumina
disk 0.050 in. (1.3 mm) thick and substantially equal in
diameter to the diameter of section 102. Contact tip 1064
is spaced from section 102 by a layer 106 of a compliant
material, illustratively a disk of 60 durometer butyl
rubber 0.030 in. (0.76 mm) thick and substantially equal
in diameter to the diameters of section 102 and contact
tip 104. Compliant layer 106 is fastened to the alumina
portions 102 and 104 of probe 100 using suitable adhe-
sive means, illustratively cyanoacrylate in the preferred

embodiment.
Beveled surfaces 104a, 1045, 104¢ and 1044 are

formed on the exposed face of contact tip 104, thereby
reducing the contact area 104¢ to a small rectangle,
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typically 0.030 in. (0.76 mm) by 0.060 in. (1.5 mm). In
the present example, surfaces 104q, 1045, 104¢ and 1044
are beveled from surface 104¢ at an angle of approxi-
mately 25 degrees. The beveling of the exposed surface
of contact tip 104 determines the position of the contact
area 104¢ relative to the longitudinal (rotational) axis 98
(see F1G. 4) of tip portion 76. If contact tip 104 1s bev-
eled such that contact area 104¢ is symmetrical with
respect to axis 98, then rotation of plunger 74 to a fixed
stop 180° away will not alter the position of contact area
104¢ relative to traces on the underlying circuit board.
However, if contact tip 104 is beveled so as to produce
a contact area 104c which is eccentrically placed with
respect to axis 98, then rotation of plunger 74 to a fixed
stop 180° away will change the position of contact area
104¢ relative to the circuit board traces.

The rectangular area 104¢ at the end of contact tip
104 is made electrically conductive, typically by a gold
plating 108, the thickness of which is shown in highly
exaggerated scale in FIG. 5. Gold plating 108 is prefera-
bly electrodeposited on the flat contact area 104¢ and
may illustratively be 600 angstroms in thickness. Com-
pliant layer 106, in conjunction with the one pound
spring force described earlier, is sufficient to tilt contact
tip 104 several degrees in order to align the contact area

104¢ with the surface of the circuit board and thereby

ensure good electrical contact.

Ideally, probe 40 would apply a temporary jumper
between printed wiring traces, via the plated contact tip
104, without introducing any other matenal into the
enclosure of the microwave housing. Within the pur-
view of this invention, this goal 1s best achieved by the
use of a slender non-conductive tip portion 76 fabri-
cated of a material of low loss and low dielectric con-
- stant. In the preferred embodiment, alumina was se-
lected for tip portion 76 over materials with superior
electrical qualities because its high mechanical strength
allows it to have a very small diameter. The corre-
spondingly small volume of tip portion 76 more than
compensates for the high relative dielectric value of this
ceramic material. In addition, the butyl rubber selected
for use in the preferred embodiment also has the charac-
teristics of low loss and low dielectric constant.

In addition to the probes 40 described earlier, the
present invention also includes a probe 200 having an
additional level of complexity. In addition to having a
probe tip with an eccentrically positioned contact tip,
probe 200 further includes a rotatable internal housing
providing eccentric positioning of the probe tip. With

this arrangement, at least one additional position of 50

contact of the probe tip with the underlying circuit
board may be obtained.

Referring to FIG. 6, there is shown a bottom view of
probe 200, illustrating the components which permit the
tip of probe 200 to be located at least three distinct
contact positions. Probe 200 includes a fixed external
housing 202 attached to mounting flange 204. Within
fixed housing 202 is a rotatable housing 206, and within
rotatable housing 206 is a rotatable plunger 208. Rotat-
able housing 206 and rotatable plunger 208 both include
mating structures which engage fixed housing 202 so as
to constrain their positions for which the probe tip 1s
extended to two positions, each position being spaced
apart by 180°.

As may be observed from FIG. 6, the tip of plunger
208 is beveled so that contact area 210 is offset a small
distance from the center of the tip. Furthermore, it will
be observed that plunger 208 is offset a small distance
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from the central axis of rotatable plunger 206. The ef-
fect of the first-mentioned offset, that of contact area
210 from the center of plunger 208, as presently shown,
is to shift the contact area 210 to the right when plunger
208 is rotated 180° with respect to rotatable housing
206. The effect of the second-mentioned offset, that of
plunger 208 from the center of rotatable housing 206, as
presently shown, is to shift contact area 210 to the left
when rotatable housing 206 is rotated 180° with respect
to fixed housing 202. As will be understood, the total
effect of these two offsets is to allow as many as four
positions of contact area 210 with respect to the under-
lying circuit board. However, in the present embodi-
ment, the firstmentioned offset 1s equal to the second-
mentioned offset; thus, when plunger 208 is positioned
such that contact area 210 is toward the left (as shown)
and rotatable housing 206 is positioned such that
plunger 208 is toward the right (as shown), rotation of
both plunger 208 and rotatable housing 206 through
180° will result in effectively no lateral movement of
contact area 210 with respect to an underlying circuit
board.

Referring to F1G. 7, there is shown a plan view of a
portion of an MHIC module, depicting three hybrid
modules 120, 122 and 124, and illustrating exemplary
circuit traces and tuning patches adjacently located. By
way of a first example, zone 130 depicts a printed winng
trace 132 and an adjacent patch 134 which may either
be shorted together or remain unconnected in accor-
dance with the tuning requirements of the circuit. In a
second example, shown in zone 140, circuit tuning may
be effected by shorting just patch 142 or both patches
142 and 144 to the branch end compnsing printed wir-
ing trace 146. Finally, a third example of tuning, shown
in zone 150, is accomplished by shorting either patch
152 or patch 154 or both patches 152 and 154 to circuit
trace 156.

Referring to FIGS. 8a-8c¢, there are shown diagrams
of specific examples of methods by which probes 40 and

40 probe 200 of cover assembly 30 provide temporary
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jumpers between printed circuit wiring traces and
printed circuit patches. FIG. 8a illustrates the position
160 of a temporary jumper which provides electrical
continuity between printed circuit trace 162 and patch
164. FIG. 8b illustrates the two positions 170 and 172 of
a temporary jumper which provides, in a first position
170, electrical contact between printed circuit trace 174
and patch 176; and, in a second position 172, contact
among trace 174 and patches 176 and 178. FIG. 8¢
illustrates the three positions 180, 182 and 184 of a tem-
porary jumper which provides, 1n a first position 180,
electrical contact between printed circuit trace 186 and
patch 188; in a second position 182, contact between
trace 186 and patch 190; and, in a third position 184,
contact among trace 186 and patches 188 and 190. In
each of the cases illustrated by FIGS. 7a-7¢, the probe
may be retracted so as to avoid any contact.

In the arrangement of FIG. 84, the contact tip which
provides the temporary jumper at position 160 1s sym-
metrically placed with respect to the rotational axis 166
of the probe. Thus, when the probe of the FIG. 8q
arrangement is rotated between its two locking posi-
tions 180° apart, it has effectively only one contact
position 160.

In the arrangement of FI1G. 85, the contact tip which
provides the temporary jumper selectively at position
170 or at position 172 is asymmetrically placed with
respect to the rotational axis 179 of the probe. Thus, the
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probe may be rotated to contact position 170, shorting
trace 174 to patch 176; and it may be rotated an addi-
tional 180° to contact position 172, shorting trace 174 to
both patches 176 and 178.

The arrangement of FIG. 8¢ employs a probe of the 5
type shown as probe 200 (in FIG. 6). The contact tip
which provides the temporary jumper selectively at the
first position 180, the second position 182 or the third
position 184 1s asymmetrically placed with respect to
the rotational axis 192 of the plunger and, in addition, 10
the plunger includes a rotatable housing eccentrically
positioned within the fixed housing mounted to the
tuning cover. As a result, as the plunger and rotatable
housing are rotated, the contact area moves with re-
spect to the surface of the underlying circuit board. 15
Thus, the probe may be located to contact position 180,
shorting trace 186 to patch 188; by rotating either the
plunger or the rotatable housing by 180°, the contact
area is shifted down to contact position 182, thereby
shorting trace 186 to both patches 188 and 190; and by 20
rotating the other (as between the plunger and the rotat-
able housing) by 180°, the contact area is shifted further
down to contact position 184, thereby shorting trace
186 only to patch 190.

The invention disclosed herein may be used 1n the 25
production of microwave hybrid integrated circuit
modules in accordance with the following illustrative
procedure: cover assembly 30 is securely attached to
housing 10 by tightening down screws 34. Using a test
setup for measuring the gain and noise figure, etc. of the 30
MHIC module over the frequency range of interest,
including, as an example, signal generators, noise
source, noise figure meter, oscilloscope, frequency
counter, amplifiers and power supplies (all not shown),
the performance of the MHIC module 1s monitored. 35
Probes 40 (and probe 200) are manipulated, temporarily
coupling various printed wiring patches to the printed
wiring traces on the circuit board within the enclosed
housing, and the effect on performance 1s observed.
When a particular combination of probe jumper selec- 40
tions appears to provide satisfactory performance of the
module, the positions of each of the probes is recorded
and the cover assembly is removed. Permanent gold
jumpers having substantially the same dimensions as the
gold layers 106 of contact tips 104 of probes 40 (and 45
probe 200) are soldered to the circuit board traces ac-
cording to the recorded data, and the conventional
cover 12 is attached to housing 10. Thus, the module
tuning procedure, previously requiring many iterative
steps involving attachment and removal of the housing 50
cover, 1s completed after only one tuning step.

While the principles of the present invention have
been demonstrated with particular regard to the illus-
trated structure of the figures, it will be recognized that
- various departures may be undertaken in the practice of 55
the invention. The scope of this invention is not 1n-
tended to be limited to the particular structure disclosed
herein, but should instead be gauged by the breadth of
the claims which follow.

What is claimed 1s: 60

1. A cover assembly for enclosing a housing, said
housing container a printed wiring circuit board, said
cover assembly comprising:

a cover plate adapted for covering said housing, said

cover plate having an aperture therethrough; and 65

a probe extending through said aperture, said probe

having an electrically conductive tip, said probe

8

being movable between an extended position and a
retracted position, said probe further including
spring means biased so as to urge said probe to said
extended position;

wherein said extended position of said probe 1s

adapted to locate said conductive tip in electrical
contact with a printed wiring trace of said circuit
board, and wherein said retracted position of said
probe is adapted to withdraw said conductive tip
away from said circuit board.

2. The cover assembly according to claim 1 further
including means coupled to said cover plate for attach-
ing said cover plate to said housing.

3. The cover assembly according to claim 1 wherein
said cover plate has a plurality of apertures, said cover
assembly further including a corresponding plurality of
probes extending through said apertures, each of said
plurality of probes having an electrically conductive tip
and being movable between an extended position and a
retracted position. '

4. The cover assembly according to claim 1 wherein
said conductive tip of said probe is adapted to provide
an electrical path between said printed wiring trace on
said circuit board and a printed tuning patch on said
circuit board.

5. The cover assembly according to claim 4 wherein
said probe is additionally movable to a second extended
position, wherein said second extended position 1is
adapted to locate said conductive tip of said probe so as
to provide and electrical path between said printed
wiring trace on said circuit board and a second tuning
patch on said circuit board.

6. The cover assembly according to claim § wherein
said probe is additionally movable to a third extended
position, wherein said third extended position is adapted
to Jocate said conductive tip of said probe so as to pro-
vide an electrical path among said printed wiring trace
on said circuit board and said first-mentioned and said
second tuning patches on said circuit board.

7. The cover assembly according to claim 1 further
including means for moving said probe between said
extended position and said retracted position, said mov-
ing means being located on the opposite side of said
cover plate from said circuit board.

8. The cover assembly according to claim 1 wherein
said probe includes means for providing efficacious
contact between said conductive tip and said printed
wiring trace.

9. The cover assembly according to claim 8 wherein
said contact providing means includes means adapted to
align saild conductive tip against said printed wiring
trace when said probe is urged to said extended post-
tion.

10. The cover assembly according to claim 1 wherein
said probe has a generally cylindrical shape having a
longitudinal axis, said probe comprising two coaxial
rigid portions abutted to an intermediate compliant
portion.

11. The cover assembly according to claim 10
wherein said two rigid portions of said probe are fabri-
cated of a nonconductive ceramic matenal.

12. The cover assembly according to claim 11
wherein said ceramic material comprises alumina.

13. The cover assembly according to claim 10

wherein said compliant portion comprises butyl rubber.
¥« % % & %
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